A new method for cleaning loaded grinding wheels is introduced by applying a CO 2 laser pulse to the wheel surface. It is shown that effective cleaning can be achieved by the selection of adequate laser power flux and irradiation duration. Fusion and evaporation of clogged chips play an important role in the laser cleaning process and subsequent wear of the grinding wheel. It is suggested that high laser power irradiance of short duration is essential for effective wheel cleaning and reduced wear of the grinding wheel with specially developed bonds.
INTRODUCTION
Wheel loading is one of the most common problems in grinding aerospace materials. Metal chips may stick in the space between abrasive grains and deteriorate the wheel's cutting ability and wear the bonding bridges away until they fracture. A common method to prevent wheel loading is to flush using a large amount of coolant. This consumes huge amounts of energy in coolant delivery, especially for high speed grinding. Maintaining and disposing of coolant is also an environmental issue and the costs involved are substantial. Another method, which is often used, is to remove loaded materials by dressing the wheel, so restoring a sharp wheel surface. However dressing of grinding wheels with diamond not only causes excessive wheel loss but also interrupts grinding during dressing. In addition, the dresser wears away with time due to its direct contact with the wheel surface. Frequent use of dressing is also not acceptable for superabrasive wheels whose cost is considerable. Therefore, a high power laser is used to fuse and evaporate clogged metal chips. The experimental apparatus is shown in Figure 1 and shows the relationship between pulsed laser beam, optical arrangement, and grinding wheel surface.
RESULTS and DISCUSSION
A grinding experiment was carried out to obtain a loaded wheel surface for laser cleaning. A wheel (WA46JV6) was used to grind inconel samples. Figure 2 shows inconel material (bright areas) stuck on the wheel surface. Grains of grinding wheel are transparent. Control parameters were selected for the adequate laser cleaning. Figure 3 shows the effect of laser cleaning on the loaded wheel surface, where laser pulse duration is 20 ×10
-5 seconds and laser pulse frequency is 19.9 Hz. When the laser is irradiated on the wheel surface, metal chips absorbed the laser energy and melted. The chips become dark due to oxidation. For the focal offset l = 10 mm, most metal chips were melted by the laser beam and the wheel material was not impaired. By shortening the focal offset distance to 5 mm, the higher density laser power flux removed the chips but also damaged the wheel surface. However, increasing clay content of the bonding system reduces the level of damage to the grinding wheel.
Changing the laser pulse frequency can also control the level of laser irradiance. Effective laser cleaning was achieved when the laser pulse frequency was 98 Hz. The melted chips became dark spheres, scattering under the surface, and tended to be expelled from the wheel when rotated at high speed. This demonstrated that wheel cleaning could be achieved through chip fusion and evaporation. However, when the laser pulse frequency increased to 192 Hz, damage to the wheel surface material could be seen. This means that too much energy was irradiated on the wheel surface.
Some interesting phenomena were observed. Clogged chips remained in the wheel if a longer laser pulse length was used but with a low power flux. This was due to the heating process being more gradual. The long pulse duration could however ultimately lead to a high overall temperature on the wheel surface, which may harm the wheel structure. Metal chips clogged on the surface of the wheel are difficult to clean with low laser power flux, even using longer pulse durations. Longer laser irradiations may cause wheel damage rather than contribute to chip removal. When a laser beam irradiates on the wheel surface, it may be considered that energy flows in only in one direction in a semi-infinite body. If there is no convection or heat generation the basic equation becomes
Where T is the temperature in the wheel, z is the depth from the wheel surface, α is the thermal diffusivity of the wheel and t is the time after laser irradiation begins. If it is assumed that the laser power flux input into the wheel is q, with no radiant heat loss or melting, then the solution of equation 1 is:
Where K is thermal conductivity and ierfc is an integral of the complimentary error function. Equation 2 indicates that both q and t contribute to the surface temperature increase. The depth the laser energy penetrated into the wheel surface is constrained by the duration of the laser irradiation. Increasing irradiation time will allow the laser energy to penetrate deeper, which raises the wheel substrate temperature. For the purpose of laser cleaning, high surface temperature rise is desirable for the chip removal process. However, elevation of temperature under the wheel surface may damage the wheel structure, which should be prevented. Therefore, high power flux and short irradiation laser pulses are likely to be optimum for the laser cleaning process.
As shown, chip fusion could play an important role in wheel cleaning. Different melting points of materials may provide an opportunity to achieve effective cleaning. Nickel alloy's melting point is less than 1500°C while Al 2 O 3 is higher than 2000°C [1] [2] . This indicated that there is a possibility to allow the chips to be removed without damaging the wheel.
In addition to the melting point, other differential factors relating to the interaction of the laser beam with the constituent parts of the loaded wheel should also be considered. The wheel grain, bonding material and the embedded metal, in addition to their melting points, will have other properties that vary between them. These include optical reflectivity, thermal and optical conductivity, and specific heats. Understanding in detail how the laser reacts to these variations could be exploited to optimize the cleaning process. Therefore, selection of correct parameters for laser irradiation is very important for an effective and reliable cleaning process.
CONCLUSIONS
A feasibility study has been carried out to investigate the application of laser cleaning technology in the grinding process. By irradiating an infrared laser on the loaded wheel surface using carefully set control parameters, it is possible to remove clogged metal chips without deteriorating the wheel's cutting surface and reduce the performance of the wheel. Both fusion and evaporation of chips are important aspects of the laser cleaning process. Suitable laser parameters are identified and it is suggested that high power flux and short irradiation laser pulse is suitable for laser cleaning. Precise control of laser irradiation is important for an effective and reliable laser cleaning process. 
